In the recent years, the use of agro-industrial by-products in animal feed has been considered to reduce costs coming from the disposing of processing wastes and from the feeding for the animal breeding. The aim of this study was to assess the inclusion of two different levels of olive cake in 72 Pietrain pigs, during the finishing period; animals fed three dietary treatments contained increasing levels of olive cake: 0% (Ctrl), 5% (Low), and 10% (High) as partial substitution of wheat middling and soybean oil. Our hypothesis was that the inclusion of olive cake could be a possible strategy for the following: (i) finding unconventional ingredients of a commercial complete feed, and (ii) improving in vivo and postmortem performances, with particular attention on the acidic profile. The present study demonstrated that feeding olive cake improved animal performances and influenced some qualitative parameters, reducing the deposition of intramuscular fat and modifying the fatty acid composition in the intramuscular fat and backfat, where the concentration of MUFA and PUFA were increased and the quality indices (AI and IT) were improved. Obviously, the inclusion of unconventional ingredients in animal feed should not negatively affect the meat organoleptic characteristics.
Introduction
In recent years, the use of agro-industrial by-products in animal feed has been considered in order to reduce the costs for the animal breeding and the costs coming from the disposing of processing wastes according to the regulations [1] . Moreover, these by-products could replace conventional feeds, lowering the feed-to-food competition in animal production [2] and their content in bioactive compounds, such as some fatty acids and/or polyphenols, could act as functional ingredients, improving the qualitative characteristics of the meat [3] .
In Italy, 1,700,000 hectares are destined for the cultivation of olives and about 80% on the southern national territory. In decreasing order, the most productive regions are Puglia (370,000 ha), Calabria (186,000 ha), and Sicily (160,000 ha); they represent about 60% of the national production. In the world, Italy is second only to Spain, with a production of 550,000, mainly represented by extra virgin and virgin oils [4] . From 100 kg of olives, about 35 kg of solid waste (olive oil cake) and 100 L of liquid waste (olive mill wastewaters) are produced and used in various ways [5] .
The chemical characteristics of olive cake depends on the olive variety, the quantities of its components (skin, pulp, and stone), and the oil extraction process [6, 7] . This by-product has been tested positively in pigs [8] [9] [10] , cattle [11] , small ruminants [12, 13] , broilers [14] , and rabbits [15, 16] , thanks to the high quantity of residual oil. Nevertheless, the high lignin content related to the stone presence could limit its use in piglets, except that it is totally pitted [17] . On the other hand, the unsaturated fatty acid (UFA) content, especially in oleic acid, could represent an interesting functional ingredient in the diet able to positively change the acidic composition of the fat tissues [9] . In this view, the increasing request of modern society for healthy animal products with more unsaturated fatty acids (UFA), which may oppose coronary diseases linked to high cholesterol levels in blood and atherosclerosis [18] , could bring the consumers closer to the products of animal origin [19] . The acidic profile of the diet in the feeding of monogastric represents a valid method to change the acidic profile of pig fat tissues and, therefore, the characteristics of products of animal origin for the human diet [20] .
In this context, the aim of the study was to assess the inclusion of different levels of olive cake in finishing pig diets, as a strategy to replace conventional ingredients (such as wheat) and to improve meat quality traits.
Materials and Methods

Ethical Statement
All the procedures followed in this study were in accordance with the European guidelines for the care and use of animals in research [21] . The research received the institutional approval by the Regional Department of Agriculture, Rural Development and Mediterranean Fisheries-Sicilian Region (Dipartimento Regionale Agricoltura-Assessorato Regionale dell'Agricoltura, dello Sviluppo Rurale e della Pesca Mediterranea-Regione Siciliana), Italy, n. 94750023262, prot. 110180.
Animals, Facilities, and Experimental Diets
For the trial, 72 Pietrain barrows pigs bred on an authorized farm were studied; all pigs were clinically healthy. The animals, at 57 ± 1 kg body weight, were randomly allocated into 24 pens in a commercial farm, with three pigs per pen and eight replicates per treatment. Each pen was equipped with a nipple waterer and a stainless-steel feeder, and the pigs were given free access to feed and water throughout, in a temperature-controlled barn (20-22 • C). Daily, the incidence of pathological states and/or possible deaths were monitored.
Dietary treatments consisted in different quantities of totally pitted olive cake into the diet: 0 (Ctrl), 50 (Low), and 100 (High) g·kg −1 of feed as partial substitution of wheat middling and soybean oil.
The chemical characteristics of olive cake, totally pitted, used in the trial were determined according to AOAC methods [22] , and the fatty acid methyl esters (FAME) were analyzed by GC-FID, following the procedure described below [23] . The analysis of each parameter was replicated three times for each by-product, and the results were reported as a mean of the three replications (Table 1) . During the finishing period, animals received the dietary treatments for 105 days, consisting of 15 days of adaptation to the experimental diets and 90 days of experimental diets. The proportion of ingredients of the dietary treatments is reported in Table 2 . Table 3 shows the nutritional characteristics and energy content of the diets. Samples of the dietary treatments were analyzed to determine the chemical composition [22] and the fatty acid profile (Table 4 ), following the procedure described below [23] . Each parameter was analyzed three times for each dietary treatment; Tables 3 and 4 show the mean values of the three analyses. # The concentration of fatty acid was expressed as g/100 g, considering 100 g the sum of the areas of all FAME identified. Diet: Ctrl, no inclusion of olive cake; Low, inclusion of 50 g·kg −1 of olive cake; High, inclusion of 100 g·kg −1 of olive cake. SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids. UFA/SFA = unsaturated fatty acids/saturated fatty acids ratio.
Growth Performance, Carcass Measurements, and Meat Sampling
During the trial, weekly, on each animal, the body weight (BW) was recorded, and feed intake (FI) per pen was monitored, and, on the basis of the data, average daily gain (ADG) and feed conversion ratio (FCR) were calculated.
The day before slaughter, all the animals were individually weighed and transported to an internal farmhouse abattoir, where they were kept for 8 h, with full access to water but not feed, and then they were successively slaughtered according to standard commercial procedures. Then, each hot carcass was weighed, and the dressing percentage was calculated. At 45 min postmortem, the backfat thickness was measured between the 3rd 4th last ribs, using a ruler with a precision of 1 mm. Successively, a section of 500 (±25 g) of loin (Longissimus thoracis muscle (LT)), including the subcutaneous fat, was excised at the last rib level from each carcass [25] . Meat and fat samples were placed in individual plastic bags and vacuum-packaged at −20 • C, until subsequent analyses.
Physical Characteristics
The pH was measured, 24 h postmortem, using a pH meter (WTW 330/SET 1, Weilheim, Germany) equipped with a Hamilton double-pore glass piercing electrode, on LT muscle samples refrigerated at 4 • C. The color parameters, L* (lightness), a* (redness), and b* (yellowness), were measured on LT samples (each was a 2.5 cm thick slice), using a desktop photometer (Spectral scanner, DV Tecnologie d'Avanguardia, Padova, Italy) with an illuminating source D65 [26].
Nutritional Characteristics
Each sample of LT muscle was analyzed in triplicate, to determine the chemical composition according to AOAC methods [22] for moisture (no. 950.46 2010), crude protein (no. 981.10 1983), and ash (no. 920.153 and no. 923.03). The total lipids were extracted from both LT muscle (intramuscular fat-IMF) and backfat (BF), according to the ISTISAN method (1996/34 met. B page 41), with acid hydrolysis.
For the chromatographic analyses, on 15 mg of lipids, extracted using a solution of chloroform/methanol (2:1, v/v) from each sample of IMF and BF [27] , the fatty acids methyl esters were prepared [28] by using a solution of sulfuric acid/methanol (1:9, v/v) and submitted to HRGC analysis, [23] with an FID detector (Agilent Technologies 6890 N, Palo Alto, CA, USA) equipped with an Omegawax 250 column (Supelco, Bellefonte, PA, USA; 30 m × 0.25 mm i.d., 0.25 µm film thickness). The concentration of each fatty acid was expressed as g/100 g, considering 100 g the sum of the areas of identified FAMEs. Each sample of IMF and BF of individual pig was analyzed three times by GC, and the results represent the mean values of the three analyses.
Data of fatty acids, from both IMF and BF, were used to calculate the quality indices (atherogenic and thrombogenic indices) in order to characterize the health benefits [29] .
Statistical Analysis
Data were subjected to statistical analyses, using the GLM procedure of SAS [30] . Data were subjected to ANCOVA for the initial body weight, using the following model:
where Y ij is observations, µ is the overall mean, D i is the fixed effect of diets (i = 3), X ij is the initial body weight, and ε ij is the random residual.
Differences in body weight between groups (Ctrl, Low, and High) were not significant (p > 0.05); thus, body weight was removed from the data set, and data were rerun with ANOVA. Pen means represented the experimental unit for statistical analysis. Data were analyzed with the following model, using diet as the classification factor:
where Y ijkl is observations, µ is the overall mean, D i is the fixed effect of diets (i = 3), P j is the fixed effect of period (j = 5 for BW and FI; j = 4 for ADG and FCR), A k (i) is the random effect of animal k (k = 24) nested within diet I, and ε ijkl is the random residual.
Data of carcass traits and meat quality were submitted to a mixed-model analysis [30] , which included the fixed effect of the diet (Ctrl, Low, and High) and the random effect of the individual pig. Least square means (LSM) and standard error of least square means (SEM) were calculated. Comparisons between LSM were performed, using the Tukey test. Differences were considered significant at p < 0.05.
Results
Growth Performances and Carcass Quality
No change in the palatability of the feed integrated with the olive cake and no death were noted during the experimental period. The slaughter weight and ADG of the animals were influenced by the diet (p < 0.05), showing the maximum value in the pigs fed a diet with an inclusion of 50 g·kg −1 of olive cake (Table 5) , while the feed intake and FCR value in the pigs of this group were the lowest, showing the best feed conversion ratio. Significant differences (p < 0.05) were observed in carcass weight, backfat thickness, and dressing percentage ( Table 5) , which tended to decrease linearly (p < 0.05) with the dietary inclusion of olive cake. 
Meat and Fat Characteristics
Physical properties of LT muscle were not affected by the experimental treatments. In regard to the chemical composition, the by-product inclusion had a significant effect (p < 0.05) for the IMF content (p < 0.01). The increase inclusion of by-product into the diet promoted a progressive reduction of the IMF (Table 6 ). Table 7 reports the effect of dietary treatment on the fatty acids in the IMF of pigs. The saturated fatty acid class (SFA) was lower (p < 0.05) in IMF from animals that received the dietary treatment without olive cake inclusion. Among the saturated fatty acids, the olive cake diet significantly decreased the level of palmitic and stearic acids (p < 0.05), and it significantly increased that of arachidic acid (p < 0.05). The monounsaturated fatty acid class (MUFA) was increased by olive cake inclusion (p < 0.05). Specifically, oleic acid was found at a higher concentration in the IMF of pigs fed the highest level of olive cake inclusion (p < 0.05). The sum of polyunsaturated fatty acids (PUFA) was increased by the dietary treatment (p < 0.05). Among the individual PUFA, the olive cake diet increased the concentration in muscle of 18:2n6 (p < 0.05). Atherogenic and thrombogenic indices were significantly (p < 0.05) lower, and therefore better, in the meat of the pigs fed a diet with 10% olive cake inclusion than that of the Ctrl and Low groups. Table 8 reports the effect of the dietary treatment on the fatty acid composition of the BF. The inclusion of olive cake in the diet affected the sum of SFA, MUFA, and PUFA (p < 0.05). Among the individual SFA, the stearic acid decreased significantly (p < 0.05), and among the MUFA, the palmitoleic acid decreased significantly (p < 0.05), whereas the oleic acid increased significantly (p < 0.05) in the diet with 10% olive cake. Feeding the olive cake diet decreased the total SFA level significantly (p < 0.05) and increased the concentration of total MUFA and PUFA significantly (p < 0.05) in the BF. Atherogenic and thrombogenic indices (Table 8 ) were significantly (p < 0.05) lower in the BF of the pigs fed with a 10% olive cake diet than that of the Ctrl and Low groups.
Discussion
From a productive point of view, the results suggest that the olive cake inclusion can reach up to 50 g·kg −1 of the diets formulated for finishing pigs, without prejudicing but improving in vitam performances, as testified by the increased ADG and reduced feed intake and FCR. These results could be due to the high fiber content in the diet of the High group; specifically, the ADL content was 100% higher than that of the Low group. The pigs fed diet with an inclusion of 50 g·kg −1 of olive cake reached a 13% of ADG higher than those fed the dietary treatment without olive cake inclusion. Data are in accordance with Joven et al. [9] , who found a better growth rate and feed consumption in pigs fed diets with a 5% or 10% of olive cake inclusion than those fed a diet with a 15% of olive cake inclusion.
Moreover, olive cake inclusion affected the carcass weight, backfat thickness, and dressing percentage, which showed the minimum values in the High group. The results are in agreement with a study of Chiofalo et al. [31] on the effect of two fiber levels on some performance traits in Nero Siciliano fattening pigs. Authors concluded that the high-fiber diet, stimulating the growth of the GIT, which is eliminated during slaughter, caused a negative effect on pig performances and a negative incidence on carcass yield.
The backfat thickness measured at the third-to fourth-last ribs decreased linearly with the increasing of olive cake inclusion into the diet; the same significant trend was observed for the intramuscular fat content. This result could be due to the linear reduction in the energy level of the diet correlated to the linear increase of fibrous fraction content. The excessive development of part of the digestive tract in the fattening period, induced by a high fiber level, could explain this difference in carcass yield according to Garcià-Casco et al. [10] . Another explanation could be the strong positive relationships between palmitic and stearic fatty acids in backfat adipose tissue and backfat thickness. Wood et al. [20] suggest a higher dilution of exogenous polyunsaturated fatty acids with endogenous de novo synthesized fatty acids.
In regard to the chemical composition, the inclusion of olive cake negatively affected the IMF, showing a significant decrease in relation to the increasing olive cake level. This could be explained by a lower lipogenic capacity in intramuscular adipose tissue, as suggested for backfat adipose tissue [32] .
The modification of meat fatty acids, through the increase of UFA and the reduction of SFA, is a strategy to follow in terms of human health. Unlike the poligastric species, the dietary unsaturated fatty acids are not desaturated in the GIT of monogastrics, and they are absorbed and accumulated unchanged in the tissues [33] . This confirms our observations on MUFA content of IMF and BF, which reflects the acidic composition of the diet, testifying the importance of the animal feeding for obtaining healthy products [34] . Furthermore, our data could also be related to the fatness percentage, according to De Smet et al. [35] , who found, in monogastric and poligastric species, a high correlation between the increase of intramuscular SFA and MUFA content and the increase of fatness. This could be due to the composition of TAGs in IMF, where the presence of SFA and MUFA is higher than that of PUFA. Therefore, the increase in fatness reduces the amount of PUFA, whereas the decrease in fatness increases the amount of PUFA. According to this study, in our trial, the reduction of fatness results in an increase of intramuscular PUFA in the pigs receiving 5% and 10% of olive cake, also considering the lower PUFA content in the diets containing olive cake than that of the control diet.
Feeding olive cake significantly increased the level of oleic acid in the IMF and BF, as observed by Fontanillas et al. [36] . The sum of MUFAs in BF of pigs fed olive oil was significantly higher compared to the control diet, as observed by Scheeder et al. [37] .
The PUFA content in any tissue depends on the amount and structure of dietary fat, de novo synthesis of fatty acids, the conversion rate to other fatty acids and metabolites, and the proportion of oxidation for energy consumption. In our study, there was a negative relation between the PUFA level into the diet and that into the IMF and BF, and also between the IMF content and its PUFA level, [38] and, finally, among BF thickness, fat content, and C18:2n6 level [39] . The literature [40] reports that a dietary inclusion of olive cake that is rich in MUFA reduces the polyunsaturated fatty acid content in the membranes of red blood cells. Besides, the oleic acid in pig feeding reduced the SFA and PUFA levels in raw and cooked meat [41] . Moreover, in castrated Pietrain x German Landrace pigs fed a diet with an inclusion of 5% olive oil, during the growing-finishing period, a reduction of IMF and BF polyunsaturated fatty acids was observed [42] .
In the modern society, there is an increasing demand for healthy food. Clinical studies [43] [44] [45] report that the Mediterranean diet, characterized by a low SFA and a high MUFA consumption, especially of oleic acid coming from olive oil, which decreases the risk of heart disease and breast cancer, increasing the life expectancy. Moreover, even if the cholesterol-lowering response to MUFA is smaller than that to PUFA, their stability to lipoperoxidation, with production of metabolites characterized by adverse health effects, is higher than that of PUFA.
A recent approach suggests that AI and TI, strictly related to the saturated and unsaturated fatty acid profiles, might better characterize the health benefits of a vegetable or animal food than the n3/n6 PUFA ratio [29] . Both the indices of the intramuscular fat meat and backfat were affected by the 10% of olive cake inclusion in the pig diet. On the whole, the high content of essential MUFA and PUFA and the good value of the quality indices (AI and TI) make the lipid fraction of the pigs fed with olive cake underline the higher quality of this product for human nutrition.
The acidic profile is also responsible for the color of fat, influencing one of the most important sensorial trait of the carcass [46] . Particularly, trials [47] carried out on the measurement of meat color, using instrumental techniques, showed an influence of the polyunsaturated fatty acid content on the yellow color of fat [48] . Therefore, the fat color can be modified through the manipulation of the acidic composition of diet in the monogastric species. For this reason, the color parameters of fat, determined instrumentally, can be considered tracers of the pig feed [49] . As the color of fatty acids is neutral, the effect related to the coloring of fats may probably be due to the presence of carotenoids into the diets, responsible for the yellow color, which promote the accumulation of PUFA [48] . Papadopoulos et al. [50] in feeding laying hens with different dietary levels of an unsaturated or saturated fat source observed a significant effect on the carotenoid expression in the egg yolk at the end of experimental period.
Nevertheless, pigs fed a diet rich in carotenoids do not show accumulation of these molecules in the fat, probably because of their low level of absorption [47] , so the modifications of color parameters in fat could be related to the influence of the acidic profile on other physical properties of fat, i.e., firmness, which affect the light-reflection properties [48] . In the present study, the slight differences in yellowness descriptor observed among the treatments could be due to the high polyunsaturated fatty acid levels in IMF of pigs fed high levels of olive cake.
Conclusions
The data showed that the partial substitution of wheat middling and soybean oil with olive cake affected in vivo and postmortem performances, suggesting the possibility of this by-product inclusion in diets for pigs, with a consequent reduction of costs and problems linked to the disposal of wastes. Obviously, the inclusion of unconventional ingredients in animal feed should not negatively affect the productive and sensorial performances.
In this trial, some in vivo performances and meat quality traits were positively influenced by the olive cake inclusion. Particularly, it was observed in pigs that received diets with a low or high olive cake inclusion, a better ADG and FCR, a reduction of the fat content, an increase of the MUFA and PUFA levels, and an improvement of the quality indices (AI and IT) of IMF and BF. No sensorial analysis was carried out on meat in this study, which could give additional and important information on meat quality.
The use of this low-cost by-product as feed could represent an alternative use to a feedstock for composting or direct field application, or, in the best of cases, as a fuel for biomass to energy plants, also considering that, according to the principles of Bioeconomy European Commission, the use as fertilizer or energy is a less-valued end destination of this agricultural biomass than animal feed or human food.
In this context, it is necessary to pay particular attention to the stakeholders using ad hoc formulations and methodology in order to exploit olive cake by-product in the perspective of a new feed industry able to promote rural areas and the quality of animal products. 
